A business process is a logically related set of business tasks. Each task contains multiple activities, and each activity has its corresponding performers. To improve the efficiency of processes, some scheduling operations will be conducted between performers, thus causing the phenomenon of task preemption. In view of this phenomenon, a Logical Time Petri net (LTPN) is proposed to describe task preemption in concurrent business process systems. By classifying place and transition sets, the relationship between activities and performers are modeled, and then the assignment and triggering of tasks are realized. Note that we consider both the priority of the control place and time constraints, which better describe the task preemption process in business flow. In addition, we propose a novel scheduling algorithm for the task preemption model. Effectiveness and applicability of the proposed methods are verified by a case study.
I. INTRODUCTION
Nowadays, business process is a group of logically related business tasks. As business processes become more complex, the requirements for modeling them become higher. In the formalization process, we should not only consider the combination order of tasks, but also consider the human factor, so it is very necessary to establish a connection between performers and tasks. Aalst proposed a method to study the business process after mining event logs from three aspects, which are case perspective, control flow perspective and organization perspective, respectively [1] , [2] .
However, there has been a lot of research on business processes from the first two perspectives, such as [3] - [6] . These studies neglected the importance of people in the business process, people is not a controllable resources, to a certain extent, also affect the task completion efficiency [7] , [8] .
In this article, we will take this problem into consideration and implement real-time personnel allocation and scheduling from a dynamic perspective [9] - [13] . Among them, The associate editor coordinating the review of this manuscript and approving it for publication was Shouguang Wang . reference [9] mainly formalize the business process based on the set theory and relational algebra method, and seek the optimal solution through the improved genetic algorithm, and then verify the effectiveness and feasibility of the proposed method in the numerical calculation and practical application; reference [10] propose an approach, a p-time Petri net model, to solve the configuration problem of no preemptive model in the case of multiple resources in real-time system. Some of the studies mentioned above are conducted from the perspective of mathematical modeling with different emphasis, but the same thing is to solve the problem of resource allocation in the case of non-preemption. However, in the real business process, the task preemption can be occur [14] . That is, efficient performers can preemption the activities of the inefficient workers, so that the whole task can be completed faster and more efficiently.
In the past, preemption has been used for most realtime systems, such as wireless sensor network [15] , [16] , computer-controlled system [17] - [19] , cloud computing system [21] - [25] and so on [26] - [29] . In this article, we apply the task preemption to the business process to analyze the completion efficiency of tasks and performers utilization with preemption factors. Business process of the personnel allocation is a distributed real-time dynamic system, so we choose Petri net to model it, which is very suitable for describing such a discrete dynamic system [33] . At the same time, it is the first time to use Petri net to study and analyze the task preemption in business process.
In this paper, we need to consider not only the factor of time, but also the execution relationship between performers and tasks. Therefore, we extend the Petri net and put forward the Logical Time Petri net. The main contributions of this paper are listed below: 1) Firstly, this paper introduced a new model, called Logical Time Petri net(LTPN), and discusses the construction method of business process model based on LTPN.
2) Secondly, aiming at the possible situations in the process of task preemption, this paper comprehensively considers the priority of performers, the completion degree of task running when task preemption is switched, the processing of information and time, and how to arrange the performer of executor more reasonably in the case of multi-task concurrency.
3) Thirdly, this paper analyzes and verifies the rationality and effectiveness of task preemption in business process by modeling specific product design cases.
The rest of this paper is organized as follows. Section 2 formalizes the definition of LTPN with logical expressions, and introduces its related definitions and principles. Section 3 establishes a task preemption model based on LTPN, and Section 4 presents the analyzing methods and Section 5 concludes this paper.
II. RELATED CONCEPTS
Petri net can be used to model and analyze concurrent, parallel, synchronous, distributed and resource-sharing system, which is a graphical language. A Petri net model mainly consists of several aspects: place, transition, arc and solid circle mark. Among them, the place is represented by circle, transition is represented by rectangle, the arc is represented by the directed arrow arc, and the solid mark represents the state of the system. The basic concepts of Petri net are summarized in [33] .
If time factor is added to the transition of Petri net, and then this is a Time Petri net, which is very suitable for describing time-critical systems [34] . In our research, it is not enough to consider only time, but also consider the constraint relationship between activities and performers, so as to realize the preemption behavior description of the activities by the performer. So we put forward the Logical Time Petri net by expanding Time Petri net. LTPN is a constrained network with both time constraints and transition control structure, which can realizes task preemption and resource utilization maximization by building models. Its specific definition is as follows.
Definition 1: A Logical Time Petri net is a seven-tuple LTPN = (P, T , F, I , O, M 0 , R), where 1) P = P C ∪ P U is a finite set of places, where P C = {H i |i = 1, 2, 3. . . )} is the set of control places and P U = {P j | j = 1, 2, 3. . . } is the set of task store place.
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3) F = (P × T ) (T × P) is a set of directed arcs from transition to place and from place to transition. 4)I is a mapping from a logic input transition to a logic input expression, i.e. ∀t ∈ T I , I (t) = f I (t) 5)O is a mapping from a logic output transition to a logic output expression, i.e.
is a marking function, where M 0 is the initial state(or the initial state), and ∀p ∈ P, M (p) is the number of tokens in p; 7) R is a time interval function defined on the transition set, and is expressed as T → R 0 × (R 0 ∪{∞}), where R 0 represents the set of nonnegative rational numbers.
Definition 2 (The Transition Firing Rules of LTPN):
1) ∀t ∈ T D , R(t) = (α, β), that is when transition t has the right to occur under the marking of M , it can be triggered at least after α unit time. If there is no other transition during this period, t has the right to occur, then t must occur in the last β unit time;
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the logical expression f I (t) of · t has a logically true value in marking M , and also should satisfies the interval function R(t),then t is enabled in M ; if t is enabled, it may fire; and it will generate a new marking M ':∀p
The transition here is immediate and has no time limit. So if ∀p ∈ · t: M (p) ≥1, then t is enabled in M ; if t is enabled, then it can be fire; and firing t in M generates a new marking M ':∀p
As can be seen from Definition 2, the difference between LTPN and Time Petri net mainly lies in different types of places and transitions. Firstly, the places are divided into two types: one is temporary storage of tasks, and the other is the control set for the operation of tasks. In this way, we can refine the modeling of the relationship between tasks and performers, and achieve preemption of tasks by adding control set. The second is classification of transition, divided into controllable transition and uncontrollable transition, to achieve how the transition enabled and who controls, so as to introduce the rules of preemption into the network structure. Fig.1 shows a simple LTPN model of a task in a business process. Where, P 1 represents the preparatory phase of the task starts, P 2 represents the task execution phase, and P 3 represents the task is finished and the next stage is ready. T 1 /T 2 is a logical input/output transition with time constraints, which is restricted by the logical input/output expression f
In the LTPN model, there is a logical value under the marking M of each place in the logical expression, and by converting the value of all places into the logical expression, a corresponding logical value will be obtained, and then we can judge whether the transition satisfies the trigger condition according to this logical value. For example, in the TLPN model of Fig.1 
The logical express f I (T 1 )(T 1 ) is satisfied, at this time, the trigger of T 1 still needs to wait for one unit time, but not more than three unit times, which satisfies the limit of the time interval function. From the condition 2) of Definition 2, the new marking M '= (0, 1, 0, 0, 0). And the logical output transition happens similarly.
III. METHODS FOR CONSTRUCTING MODELS
In this section, we establish a basic task preemption model based on LTPN, and give the model definition and state space analysis [35] , [36] of the new task preemption Petri nets. By analyzing the model, the practicality and efficiency of the model can be ensured. More importantly, the workflow of LTPN is illustrated by a set of real-time transitions and task sets with constraints, and a preemptive priority scheduling algorithm is given.
A. TASK PREEMPTION
In the business process, a series of activities are done separately by different people to achieve a specific value goal. There is not only a strict order between activities, but also a clear arrangement and definition of the content and performer in charge of the activities. This makes it possible for different activities to be transferred between different roles. What we have done in this paper is how to implement the scheduling problem in teamwork, among which the most important problem to be solved is how to achieve task preemption if there are more efficient performers in idle state during concurrent task execution.
There are two type of task preemption [37] . The first is the strategy of starting again after preemption and reassigning the performer, the second is the strategy of continuing to execute after preemption. In this paper, we adopt the second preemption strategy, that work completion rate is retained when the work is returned to its original location after suspension. In this way, the business process can not only save time, but also does not waste the previous execution workload, which conforms to the rules of task execution in the business process.
Since the task preemption problem we studied has a wide application background of practical business process, the problem itself must satisfy certain specific constraints, so in order to better describe the relevance of task preemption, make the following assumptions: 1) During the execution of a task, only one perform can execute it. And priorities between performers are defined in advance. When someone with high execution efficiency is idle, there is an opportunity to preempt the task, that is, the task can be interrupted during the execution.
2) There is no other cooperative behavior in the model except the preemption of task execution power by efficient performer. Meanwhile, the state of the task after it is preempted remains in sync with that before it is preempted, and the time caused by its switching is ignored. Fig.2 is a LTPN model of a simple concurrent business process. There are two concurrent tasks, task1 = (P 11 , P 12 , P 13 ) and task2 = (P 21 , P 22 , P 23 ). H 1 and H 2 are two performers that operate on these two tasks, taking 3, 5 and 0, 10 units of time, respectively.
As we can see from the Fig.2 , when time = 0, events reach P 11 and P 21 respectively. Task1 can be executed immediately by H 1 . At the same time, because transition T 1 has a logic input expression f I ( and a time limit, task 2 should wait for one unit time before it starts by H 2 . However, H 1 is more efficient in executing task2 than H 2 , and during the process of H 2 execution, H 1 is idle which can realize preemptive functions. Nonetheless, the model in Fig.2 does not realize the operation of the preemption. It only shows that two tasks can be completed by two performers. When preemption occurs, how to make the task return and the state of the corresponding performer is set to idle is not reflected. So in the next section we will solve these problems by improving the model. Fig.3 is an improvement over Fig.2 . Here, we add a suppression arc, two transitions, a place and several directed arcs to Fig.2 .
B. LOGICAL TIME PETRI NET OF TASK PREEMPTION
A suppression arc: The suppression arc is added to achieve higher priority of H 1 than H 2 , that is, higher execution efficiency for task 2. And the rules of arc suppression are as follows: if there is a token in H 1 , then T 3 cannot be enabled, and if not, T 3 can be enabled.
Two transitions (T 4, T 5 ) and a place P 24 : Their role is to return the task and the state of the performer in the event of preemption. Where, the directional arc (T 4 , P 21 ) is to return the task state, and arc (T 4 , P 24 ) is to return the state of performer H 2 . Note that transition T 5 has a time limit, meaning that the execution of the task is synchronized with the arriving of the performer state to the place H 2 .
1) RELATED MATHEMATICAL MODEL DEFINITION
In the process of task preemption, some mathematical models are applied and the relevant definitions are given below.
Proposition 1: Mathematical symbol definition for the task preemption model:
Pc= {H i | i = 1,2,. . . } is the set of control places, and also is the performer set;
A ij represents the total time that the performer i executes the task j; E ij represents the time that performer i has executed the task j; γ ij is the completion rate of task j, this is calculated by dividing the time the performer i has completed the task j by the total time it has taken to execute the task, the formula is as follows:
S j represents the total time taken to complete the task j after it is preempted in the execution phase.
According to the nature of task preemption, we give two related propositions.
Proposition 2: Principle of task preemption: if a task can be executed by two or more performers with different priorities, then it can be preempted by performer with higher priorities if certain conditions are satisfied during the running process.
Proposition 3: The conditions that task preemption needs to be satisfied:
a) The higher performer is idle and has no resource requests for it other than the current task;
b) The task completion rate should not exceed sixty percent, that is γ ij ≤60%, which is a result given by multiple verification, and 60% is the most reasonable limit. The specific verification method is not too much detail here;
c) The task cannot be preemption a second time after being preempted. This is to prevent unnecessary preemption and more than two preemptions will lead to too long handover time of the task between different performers, which will adversely affect the execution of the task.
2) SCHEDULING PROCESS ANALYSIS For Fig.3 , we perform a detailed scheduling analysis to verify whether the task 2 can be preempted. The specific steps are as follows: Time = 0: tasks arrive at P 11 and P 21 , respectively. And the task1 in P 0 is executed immediately by H 1 ; Time = 1: the task2 in P 3 is initially performed by H 2 , and task1 has been executed 1(unit time); Time = 3: task1 is finished and H 1 is idle, and task2 has been executed 2. At this point, it can be calculated by using formula 1 that γ 22 =20% < 60%, satisfies condition 1, so the task 2 can be preempted. Time = 4: task2 is executed by H 1 , and H 2 is set idle; Time = 8: task 2 is finished, and H 1 is set idle. Compared with the task completion time before and after preemption, the overall time was reduced by 3 units. This shows that preemption effectively shortens the time of task execution.
The above is just a simple example. We will analyze a complete business process later, to demonstrate that this is a significant improvement for time-intensive business processes that both reduces time and maximizes resource utilization. At the same time, combined with algorithm, the process is simulated dynamically in real time.
3) PROPERTIES OF THE TASK PREEMPTION MODEL
A logical time petri net (LTPN) = (P, T , F, I , O, M 0 , R) holds the following properties. VOLUME 8, 2020 a) LTPN has m initial places P 11 , P 21 . . . P m1 , m terminal places P 13 , P 23 . . . P m3 and m temporary places P 12 , P 22 . . . P m2 , where · m n=1 {P n1 }= m n=1 {P n3 } · = ∅. At the same time, if n preemption behaviors occur in the network, there will be n preemption temporary storage places P 14 ,
then the transition t is liveness. In LTPN, for ∀t ∈ T , t is liveness, and then we can say that the logical time petri net is liveness and accessibility.
Proof: For each business process, there are four forms of business state: initial prepare state P m1 , process state P m2 , pause state P n4 , and the end state P m3 . Therefore, in the model, we depict these positions, which is conducive to observation and research. ∀t ∈ T → (t, P m1 ) / ∈ F, then
. Thus, (t i , p), (p, t j ) ∈ F, · p = ∅, and p · = ∅. Fig.1 and Fig.2 are two typical logical time petri nets, which can be trigger under the logical input/output transition and the time constraint. For ∀t ∈ T , T 1 and T 2 are liveness in Fig.1 , and T 0 , T 1 , T 2 , T 3 are all liveness in Fig.2 , so both of these LTPNs are liveness. At the same time, resources in the model will eventually reach the final place, that is, P C ={H 1 , H 2 , H 3 ,. . . } will all have tokens, and the final place of the Logical Time Petri net will also have, so the LTPNs is also accessible.
C. SCHEDULING ALGORITHM
The scheduling algorithm in this paper is mainly based on task preemption, and the principle is very simple, which is equivalent to a simple loop traversal. Combined with the above model, it can more formally and vividly express the relationship between tasks and performers in the business process, as well as the direction of resources in the process of task process.
More importantly, it is unprecedented to apply task preemption to the business process, which involves a lot of aspects and requires a lot of time. The flow chart is shown in Fig.4 . In this algorithm, the entire sequence of activities (LTPN) is entered, in sequence. The first step is to select the first task in the sequence and determine whether it satisfies the principle of preemption, if it is, then traverse the performer set, whether high performer idles, and if it is busy, then let the free performer to execute first, while monitoring the performer with high execution efficiency. The second step is to preempt if the task completion rate is less than 60% and the high performer is idle, otherwise continue, and then process to the next task. This algorithm has low process time complexity, which is suitable for more complex business flow preemption model.
IV. CASE STUDIES
In this section, we will present a complete business process preemption model, and verify the rationality and efficiency of our model through analysis.
Normally, in the product design and the implementation phase, there will be multiple departments participate in, and also may be some connections between each department. Because of these business intersections and differences in performers' execution efficiency, achieving the best and fastest product development is a business process optimization phase.
The development process is mainly divided into five parts, as shown in Fig.5 , where are overall design (T-1), structural design (T-2, T-3), structural integration (T-4), testing (T-5, T-6) and product launching (T-7).
Meanwhile, each part corresponds to the relevant perform team. Among them, the product engineering role X corresponds to the overall design and product launching, the design engineering role Y corresponds to the structural design, and the test role Z corresponds to the structural integration and testing. Each role contains many performers, and here we abstract the performers into teams, meaning that a performer is equivalent to a team.
In the whole business process, each team has a corresponding role and task. The members of this team belong to a collective and cannot be separated. Here, we use LTPN to model the process, and the model is as follows in Fig.6 , which corresponds to Fig.5 . Since the LTPN model of product design process is composed of Fig.1, Fig.2, and Fig.3 , it is also verified to be safe, alive and bounded, and can well simulate the actual process of the team cooperation.
In our product design model, there are two preemption tasks: one is in the concurrent structure, and the other is in the choice structure. Preemption is not quite the same in these two structures, as we will see in detail in the following sections. In the case study, our main work is divided into three parts. First, we give the total time consumed by each team to execute the task, as shown in TABLE 1, which is equivalent to defining the priorities among them. Then the LTPN model and algorithm are combined to simulate the whole process, and the time consumption and resource utilization of the whole business process are obtained. Finally, compared with the process without preemption, our method can really effectively improve the efficiency of the whole work and reduce the total running time.
Our case is set with the real scenario. According to TABLE 1 and the LTPN model, the gambit graphs of nonpreemptive task time in Fig.6 model is presented in Fig 7, which is mainly used to compare with the following preemptive time in Fig.8 .
In pervious sections, we have described the details of how preemption occurs in LTPN model. Here, we focus only on trends in time and resource utilization during the system runs.
We can see that at moment (0, 15), the two graphs are the same, but at moment (15, 40) , there is a big difference. Firstly, for Fig.7 , at time 15, H 2 executes P 2 , and then at time 17, H 3 start to execute P 3 . Until these two activities are over, move on to the next activity. During this process, there is no preemption. But in Fig.8 , when the activity P 2 over, H 3 still execute activity P 3 , and task completion rate is 40% ≤ 60%, which meets the condition of preemption. Then P 3 is executed by H 2 and take 6 unit times. In this process, 6 unit times are saved. In the following activities, there is no preemption, so the time spent is the same as the behavior executes.
Therefore, it can be obtained that in the completion phase of the whole task; preemption is completed 6 unit times earlier than non-preemption, proving that our works can significantly improve the work efficiency. At the same time, after replacing the inefficient performer, the inefficient performer can complete other activity, which can also improve the utilization of resources, so that the process of the whole task can be further improved.
V. CONCLUSION
This paper introduces the LTPN model and its application. The first is to define the model and the formal description, and then the LTPN model based on task preemption is introduced in detail. At the same time, the whole process is analyzed by giving the corresponding mathematical model, and some properties of the network are given. Finally, a specific case study is given based on the algorithm, which further verifies the validity and applicability of our model. The model in this paper has some limitations. The research is conducted on a single event flow, and we would like to take multiple event flows into account in the future.
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